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PREFACE

This six-volume series ddight Reduction Tables for Marine Navigatimndesigned to facilitate the practice of
celestial navigation at sea by the Marcq Saint Hilaire or intercept method.

The tabular data are the solutions of the navigational triangle of which two sides and the included angle are
known and it is necessary to find the values of the third side and adjacent angle.

The tables, intended for use wilfhe Nautical Almangcare designed for precise interpolation of altitude for
declination by means of interpolation tables which facilitate linear interpolation and provide additionally for the
effect of second differences when required.

The concept, design, development, and preparation of these tables are the results of the collaborative efforts
and joint accomplishments of the National Imagery and Mapping Agency, the U.S. Naval Observatory, and Her
Majesty’s Nautical Almanac Office, Royal Greenwich Observatory. The tabular material in identical format has
been published in the United Kingdom by the Hydrographic Department, Ministry of Defence (Navy), as N.P. 401.

This reprint was compiled on a Hewlett Packard K420 server with an HP C180 client workstation, and was
composed in its entirety as a digital document.

Users should refer corrections, additions, and comments for improving this product to:

MARINE NAVIGATION DEPARTMENT

STD 44

NATIONAL IMAGERY AND MAPPING AGENCY
4600 SANGAMORE ROAD

BETHESDA MD 20816-5003
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INTRODUCTION

A. DESCRIPTION OF TABLES

1. Purpose and ScopeThe main purpose of these tables is to facilitate the practice of celestial navigation at
sea. A secondary purpose is to provide, within the limitations of the tabular precision and interval, a table of the
solutions of a spherical triangle of which two sides and the included angle are known and it is necessary to find the
values of the third side and adjacent angle.

The tables have been designed primarily for use with the Marcq Saint Hilaire or intercept method of sight
reduction, utilizing a position assumed or chosen so that interpolation for latitude and local hour angle is not
required.

For entering arguments of integral degrees of latitude, declination, and local hour angle, altitudes and their
differences are tabulated to the nearest tenth of a minute, azimuth angles to the nearest tenth of a degree. But the
tables are designed for precise interpolation of altitude for declination only by means of interpolation tables which
facilitate linear interpolation and provide additionally for the effect of second differences.

The data are applicable to the solutions of sights of all celestial bodies; there are no limiting values of altitude,
latitude, hour angle, or declination.

2. Arrangement. The tables are divided into six volumes, each of which includes two eight-degree zones of
latitude. An overlap of 1 occurs between volumes. The six volumes cover latitude bahtts 1%, 15° to 30°, 30°
to 45, 45 to 60, 60° to 75, and 78 to 90..

Each consecutive opening of the pages of a latitude zone differs from the preceding ohefldgchl hour
angle (LHA). As shown in figures 1 and 2, the values of LHA are prominently displayed at the top and bottom of
each page; the horizontal argument heading each column is latitude, and the vertical argument is declination.

For each combination of arguments, the tabulations are: the tabular altitude (ht or Tab. Hc), the altitude
difference (d) with its sign, and the azimuth angle (2).

Within each opening, the data on the left-hand page are the altitudes, altitude differences, and azimuth angles
of celestial bodies when the latitude of the observer has the same name as the declinations of the bodies. For any
LHA tabulated on a left-hand page and any combination of the tabular latitude and declination arguments, the
tabular altitude and associated azimuth angle respondents on the left-hand page are those of a body above th
celestial horizon of the observer.

The LHA'’s tabulated on the left-hand pages are limited to the following rangaacfeasing to 90and 360
decreasing to 270 On any left-hand page there are two tabulated LHA’s, one LHA in the rahgec€easing to
90° and the second in the range 3@@creasing to 270

On the right-hand page of each opening, the data above the horizontal rules are the tabular altitudes, altitude
differences, and azimuth angles of celestial bodies above the celestial horizon when the latitude of the observer has
a name contrary to the name of the declinations of the bodies and the LHA'’s of the bodies are those tabulated at the
top of the page. The data below the horizontal rules are the tabular altitudes, altitude differences, and azimuth
angles of celestial bodies above the celestial horizon when the latitude of the observer has the same name as th
declinations of the bodies and the LHA'’s of the bodies are those tabulated at the bottom of the page.

The LHA's tabulated at the top of a right-hand page are the same as those tabulated on the left-hand page of
the opening. The LHA'’s tabulated at the bottom of the right-hand page are limited to the rahger@@sing to
270C; one of the two LHA's at the bottom of the page is in the rang®if6reasing to 18Q the other LHA is in the
range 180 increasing to 279 the LHA in the range 90increasing to 180is the supplement of the LHA at the top
of the page in the rangé hcreasing to 90 When the LHA is 99 the left and right-hand pages are identical.

The horizontal rules, known as the Contrary-Same Line or C-S Line, indicate the degree of declination in
which the celestial horizon occurs.



INTRODUCTION

o o L.H.A. greater than 180° .....Zn=Z
60°, 300° L.H.A. LATITUDE SAME NAME AS DECLINATION N.taty (1A iess than 180°
15° 16° 17° 18° 19° 20° 21° 22°
Dec. Hc d Zz Hc d Zz Hc d Zz He d z He d Zz Hc d Zz Hc d Zz He d z Dec
0 28 52.7 +175 985 | 28 43.6 +186 99.0 | 28 33.9 +19.7 99.6 | 28 23.6 +20.9 100.1 | 28 12.8 +21.9 100.6 | 28 01.5 +23.0 101.2 | 27 49.6 +24.0 101.7 | 27 37.1 +252 102.2 0
1 29 10.2 +169 97.4| 29 02.2 +181 98.0 | 28 53.6 +19.2 985 | 28 445 +203 99.0 | 28 34.7 +21.5 99.6 | 28 24.5 +225 100.1 | 28 13.6 +23.7 100.7 | 28 02.3 +24.7 101.2 1
2 29 27.1 +164 96.3 |29 20.3 +175 96.9 | 29 12.8 +187 97.4| 29 04.8 +198 98.0 | 28 56.2 +209 98.5 | 28 47.0 +220 99.1 | 28 37.3 +231 99.6 | 28 27.0 +24.2 100.1 2
3 29 435 +159 952 |29 37.8 +170 958 | 29 315 +181 96.3 | 29 24.6 +192 96.9 | 29 17.1 +204 97.4 | 29 09.0 +21.5 98.0 [ 29 00.4 +226 98.6 | 28 51.2 +237 99.1 3
4 29 59.4 +152 94.1| 29 54.8 +164 94.7 | 29 49.6 +176 952 | 29 43.8 +188 958 | 29 37.5 +199 96.4 | 29 30.5 +210 96.9 | 29 23.0 +221 97.5| 29 149 +232 98.0 4
5 30 14.6 +147 93.0| 30 11.2 +159 935 | 30 07.2 +170 94.1| 30 02.6 +182 94.7 [ 29 574 +193 953 | 29 515 +205 959 | 29 451 +216 96.4 | 29 38.1 +227 97.0 5
6 30 29.3 +141 91.8 30 27.1 +153 92.4 | 30 24.2 +165 93.0 | 30 20.8 +176 93.6 | 30 16.7 +188 94.2 | 30 12.0 +199 94.8 | 30 06.7 +21.1 95.3 [ 30 00.8 +222 95.9 6
7 30 434 +136 90.7 | 30 42.4 +14. 3 +205 94.3 | 30 23.0 +21.7 94.8 7
8 30 57.0 +129 89.6 | 30 57.1 +14 Z(N 3 +200 932 30 44.7 +21.1 93.8 8
9 31 09.9 +123 884 | 31 11.2 +13 70° ) 0 3 +19.4 92.1 | 31 05.8 +206 92.7 9
10 |31 222 +117 87331247 +12 : i, 10 7 +188 910 | 31 26.4 +200 91.6| 10
11 31 339 +111 86.1 | 31 37.6 +12. Z 930 u“%‘ & 5+183 89.8 (31 46.4 +194 905 | 11
12 31 45.0 +105 85.0 [ 31 49.9 +11 "’u,‘ 3 +176 88.7 | 32 05.8 +188 89.4 12
13 [ 31555 +98 83832 016 +11 ’Q‘Q 50° 1 +171 87.6| 32 246 +182 882 13
14 32 053 +92 827 | 32 12.7 +10 %, 5 +164 86.5| 32 428 +17.7 87.1| 14
15 32 145 +86 815 |32 23.1 +9 L \; 40° ) +158 85.3 | 33 00.5 +169 86.0 15
16 32 231 +78 80.3 |32 328 +9 Qq 7 +151 84.2 | 33 17.4 +164 84.8 16
17 32 309 +73 79.2 |32 419 +8 2 | ; < 3 +145 83.0| 33 33.8 +157 83.7 | 17
18 | 32382 +66 780 32504 +7 30 T"\( 30° 3 +139 81.8| 33 495 +151 825 | 18
19 32 448 +59 76.8 |32 581 +7. L 2 +132 80.7 | 34 04.6 +144 813 19
20 (32507 +52 75.6 (33 052 +6. . “s, 1 +125 795 |34 19.0 +137 80.2| 20
21 | 32559 +46 744 |33 117 +s5 20° ... ) +118 783 |34 327 +130 79.0 | 21
22 33 005 +38 732 |33 174 +5 P _20 7 +111 77.1 | 34 45.7 +123 77.8 22
23 (33 043 +33 720 (33225 +4 'p T 1 3 +104 759 | 34 58.0 +11.7 76.6 | 23
24 33 07.6 +25 70.9 | 33 269 +3 10° 3 " Alt. 3071476 v 2 +97 747 |35 09.7 +109 754 24
25 |33 101 +18 69.7 [ 33 30.6 +3 3’ 5 L E_-IU" ) +90 73535206 +102 742 | 25
26 33 119 +12 685 |33 336 +2 4= E ) +83 72335308 +95 730 26
27 33 131 +04 67.3 |33 36.0 +1. N 1 J F 2 +75 71.1 | 35403 +87 718 27
28 33 135 -02 66.1 | 33 376 +o0 — = — _ 7 +68 699 35490 +80 706 28
29 |33 133 09 64.9 [ 33385 +o CELESTIAL HORIZON E S 5 61 68735570 +73 693 | 29
30 (33124 -16 63.7 (33387 -o F 5 +53 67.4 |36 043 +65 681 | 30
31 |33 108 -22 62533383 -1 yge ) +45 66.2 |36 108 +57 66.9 | 31
32 33 086 -30 61333 371 -1 éi 4 +38 65.0( 36 165 +50 656 32
33 (33056 -36 60.1 (33353 -2 o 2 +31 63736215 +42 644 | 33
34 33 02.0 -43 589 | 33 32.7 -3 a E 3 +23 62536 25.7 +34 632 34
35 32 57.7 -s50 57.7 |33 2905 -4 20° ‘3 o/ 5 +15 61.3 36 291 +27 619 35
36 32 52.7 -57 565 |33 255 -4 =51 = L +08 600 (36 31.8 +19 60.7 36
37 32 470 -63 554 |33 209 -s. ”5& &y = ) 00 58836337 +11 594 37
38 32 40.7 -70 542 |33 156 -6. 30° w7 E ) -07 57.6 |36 348 +03 582 38
39 (32337 -76 530 (33096 -6 ] = 2 -16 56.3 |36 351 -04 56.9| 39
40 |32 261 -83 51833030 -7 ;2" = 5 -22 55136 347 -12 557 | 40
41 [32178 -90 506 | 32556 -8 40° ™, o] g 4 -31 53936335 -20 545 41
42 32 08.8 -96 495 |32 476 -8 ’>;>> & =1 3 -37 526 |36 315 -27 532 42
43 |31 59.2 —102 48332 39.0 -o. 50° 7, o B 5 —46 514 |36 288 -36 520 | 43
44 31 49.0 -108 47.1 | 32 29.6 -o9. P”,»», ) -53 50236 252 -43 507 44
45 31 38.2 -11.5 46.0 | 32 19.7 -10. 60" r”“rr,h 7 -60 489 (36 209 -51 495 45
46 31 26.7 -121 448 | 32 09.1 -11. Salgr, o SR 7 -68 47.7 | 36 15.8 -58 483 46
47 |31 146 —127 437 |31 57.8 —11. 0° o’ i ) —75 465 |36 100 —es 47.0 | 47
48 31 01.9 -133 42.6 | 31 459 -12. 1 4 -82 453 (36 034 -73 458 48
49 |30 486 139 41.4 | 31 334 -13, (s) 2 —90 44135561 -81 44.6 | 49
50 30 34.7 -145 40.3 | 31 20.3 -13./ 4uU.l | 92 UD.I —13U 4Ll | 94 DU.0 — 12 4LD | 90 OV.U —1L4 4L.Y | o4 ZU.U —1Uo 4z | o0 v+l -97 429 | 35 48.0 -88 433 50
51 30 20.2 -151 39.2 | 31 06.6 —-143 39.5| 31 52.7 -135 39.9 | 32 38.6 -128 40.3 | 33 24.2 —120 40.8 | 34 09.5 -11.2 41.2 | 34 545 -104 41.7 | 35 39.2 -96 421 51
52 30 05.1 -156 38.0 | 30 52.3 -149 384 | 31 39.2 -142 38.8| 32 25.8 -134 39.2 | 33 12.2 -127 39.6 | 33 58.3 -11.9 40.0 | 34 441 -111 405 | 35 29.6 -103 40.9 52
53 29 495 -162 36.9 | 30 37.4 -155 37.3 |31 25.0 -148 37.6 | 32 124 -141 38.0 | 32 59.5 -133 38.4 | 33 46.4 -126 38.8 [ 34 33.0 -118 39.3 | 35 19.3 -110 39.7 53
54 29 333 -16.7 358 |30 219 -161 36.2 | 31 10.2 -153 36.5| 31 58.3 -146 36.9 | 32 46.2 -139 37.3 | 33 33.8 -132 37.7 | 34 21.2 -125 38.1| 35 08.3 -11.7 38.5 54
55 29 16.6 -17.3 34.7 | 30 05.8 -166 35.0 | 30 54.9 -16.0 354 | 31 43.7 -153 35.7 | 32 32.3 -146 36.1 | 33 20.6 -139 36.5 | 34 08.7 -131 36.9 | 34 56.6 -12.4 37.3 55
56 28 59.3 -178 33.6 | 29 49.2 -172 339 | 30 38.9 -165 343 | 31 284 -159 346 | 32 17.7 -152 35.0 | 33 06.7 -145 35.3 | 33 55.6 -138 35.7 | 34 442 -131 36.1 56
57 28 415 -183 32529 32.0 -177 328 |30 224 -171 33.1| 31 125 -165 335 | 32 025 -159 33.8 [ 32 52.2 -151 34.2 | 33 41.8 -145 345 | 34 31.1 -138 34.9 57
58 28 232 -188 314 | 29 143 -182 31.7 | 30 05.3 -177 32.0| 30 56.0 -170 32.3 | 31 46.6 -164 32.7 | 32 37.1 -158 33.0 | 33 27.3 -152 33.4 | 34 17.3 -145 33.7 58
59 28 044 -194 30.4 | 28 56.1 -188 30.6 | 29 47.6 -182 30.9 | 30 39.0 -176 31.2 | 31 30.2 -170 315 32 21.3 -164 319 | 33 12.1 -157 322 | 34 02.8 -151 32.6 59
60 |27 45.0 —-198 29.3 [ 28 37.3 -193 29.6 | 29 29.4 -187 29.8 | 30 21.4 -182 30.1 | 31 13.2 -176 30.4 | 32 04.9 -170 30.7 | 32 56.4 -164 31.1 | 33 47.7 -158 314 | 60
61 27 252 -203 28.2 | 28 18.0 -198 285 | 29 10.7 -193 28.7 | 30 03.2 -18.7 29.0 | 30 55.6 -18.1 29.3 [ 31 479 -176 29.6 | 32 40.0 -171 29.9 | 33 31.9 -165 30.2 61
62 27 049 -208 27.2 | 27 58.2 -203 27.4 | 28 514 -197 27.7 | 29 445 -192 279 |30 375 -188 28.2 | 31 30.3 -182 285 | 32 229 -176 28.8 | 33 154 -170 29.1 62
63 26 441 -212 26.1 | 27 37.9 -207 26.3 | 28 31.7 -203 26.6 | 29 25.3 -198 26.8 | 30 18.7 -19.2 27.1 [ 31 12.1 -188 27.4 | 32 053 -182 27.6 | 32 58.4 -177 27.9 63
64 26 229 -21.7 25.1| 27 172 -21.3 253 | 28 114 -208 255 | 29 055 -203 258 | 29 59.5 -199 26.0 | 30 53.3 -193 26.3 | 31 47.1 -188 26.5| 32 40.7 -183 26.8 64
65 26 01.2 -222 24.0| 26 559 -217 242 | 27 50.6 -21.3 245 | 28 45.2 -208 24.7 | 29 39.6 -203 24.9 | 30 34.0 -199 25.2 | 31 283 -194 254 | 32 224 -189 25.7 65
66 25 39.0 -225 23.0 | 26 34.2 -221 232 |27 293 -21.7 234 | 28 244 -213 236 |29 19.3 -209 23.8 | 30 14.1 -204 24.1 | 31 089 -200 24.3 | 32 03.5 -195 24.6 66
67 25 16.5 -230 22.0 | 26 12.1 -226 22.2 | 27 07.6 -222 223 | 28 03.1 -21.8 225 | 28 584 -21.3 22.8 [ 29 53.7 -209 23.0 [ 30 489 -205 23.2 | 31 44.0 -201 234 67
68 24 535 -234 21.0| 25 495 -231 21.1| 26 454 -227 213 | 27 41.3 -223 21528 371 -219 21.7 |29 328 -215 219 | 30 284 -211 221 | 31 23.9 -206 223 68
69 24 30.1 -239 19.9 | 25 26.4 -234 20.1 | 26 22.7 -231 20.3 | 27 19.0 -22.7 20.4 | 28 15.2 -224 20.6 [ 29 11.3 -220 20.8 [ 30 07.3 -215 21.0 | 31 03.3 -212 21.2 69
70 |24 06.2 -242 189 [ 25 03.0 —-239 19.1 | 25 59.6 -235 19.2 | 26 56.3 —-232 19.4 | 27 52.8 -228 19.6 | 28 49.3 -224 19.8 | 29 45.8 -221 20.0 | 30 42.1 -21.7 20.2 | 70
71 23 42.0 -246 179 | 24 39.1 -243 181 | 25 36.1 -239 18.2 | 26 33.1 -237 184 | 27 30.0 -233 185 | 28 26.9 -230 18.7 | 29 23.7 -227 18.9 | 30 204 -223 19.1 71
72 23 174 -249 169 | 24 148 -247 171 | 25 12.2 -244 17.2 | 26 09.4 -240 17.3 | 27 06.7 -238 17.5| 28 03.9 -234 17.7 [ 29 01.0 -231 17.8 | 29 58.1 -22.7 18.0 72
73 22 525 -254 16.0 | 23 50.1 -25.0 16.1 | 24 47.8 -248 16.2 | 25 454 -245 16.3 | 26 429 -242 16.5 | 27 40.5 -239 16.6 | 28 379 -236 16.8 | 29 354 -233 16.9 73
74 22 271 -256 15.0 | 23 25.1 -254 151 | 24 23.0 -252 15.2 | 25 20.9 -249 153 | 26 18.7 -246 15.4 | 27 16.6 -244 156 | 28 14.3 -240 15.7 | 29 12.1 -238 15.9 74
75 22 015 -261 14.0| 22 59.7 -258 14.1 | 23 57.8 -255 142 | 24 56.0 -253 14.3 | 25 54.1 -250 14.4 | 26 52.2 -248 14.6 | 27 50.3 -246 14.7 | 28 48.3 -243 148 75
76 21 354 -263 13.0| 22 339 -262 131 | 23 32.3 -259 13.2 | 24 30.7 -257 13.3 | 25 29.1 -255 13.4| 26 27.4 -252 135 | 27 25.7 -249 13.7 | 28 24.0 -247 13.8 76
7 21 09.1 -267 121 |22 07.7 -265 121 | 23 06.4 -263 12.2 | 24 050 -26.1 12.3 | 25 03.6 -258 12.4 [ 26 02.2 -256 125 | 27 00.8 -255 12.6 | 27 59.3 -252 12.7 77
78 20 424 -270 11.1| 21 41.2 -268 11.2 | 22 40.1 -26.6 11.3 | 23 389 -264 113 |24 378 -263 11.4| 25 36.6 -261 115 26 353 -258 11.6 | 27 34.1 -256 11.7 78
79 20 154 -273 10.1 | 21 144 -271 10.2 | 22 135 -270 10.3 | 23 125 -268 104 | 24 115 -266 10.4 [ 25 10.5 -264 10.5 [ 26 09.5 -263 10.6 | 27 08.5 -261 10.7 79
80 19 481 -27.7 9.2 |20 473 -275 93 (21 465 -273 93|22 457 -272 9.4 |23 449 -270 95|24 441 -269 95|25 432 -266 9.6 |26 424 -265 9.7 80
81 19 204 -279 83|20 19.8 -278 83|21 19.2 -276 84|22 185 -275 84 (23 179 -274 85|24 172 -272 85|25 166 -271 8.6 | 26 159 -269 8.7 81
82 18 525 -281 7.3 |19 520 -280 7.4 |20 516 -280 7.4 |21 510 -278 7522505 -277 75|23500-276 7.6|24 495 -275 7.6|2549.0-274 7.7 82
83 18 244 -285 6.4 19 240 -284 6.4 |20 236 -282 65|21 232 -281 6522 228 -280 6.6 23 224 -279 6.6 |24 220 -278 6.7 25216 -27.7 6.7 83
84 17 559 -287 55| 18 556 -286 55|19 554 -286 55|20 55.1 -285 5.6 |21 548 -284 56|22 545 -283 5.6 |23 542 -282 57|24 539 -281 57 84
85 17 27.2 -290 45| 18 27.0 -289 46| 19 268 -288 4.6 | 20 26.6 -28.7 4.6 | 21 264 -287 4.7 |22 262 -286 4.7 | 23 26.0 -285 4.7 | 24 258 -284 438 85
86 16 58.2 -292 3.6 [ 17 58.1 -292 3.6 | 18 58.0 -291 3.7 [ 19 57.9 -291 3.7 | 20 57.7 -290 3.7 | 21 57.6 -289 3.7 |22 575 -289 3.8 |23 574 -289 3.8 86
87 16 29.0 -294 2.7 [ 17 28.9 -2904 2.7 | 18 289 -294 2.7 | 19 28.8 -293 2.8 |20 28.7 -293 28|21 287 -293 28|22 286 -292 28|23 285 -201 28 87
88 15 59.6 -297 1.8 | 16 59.5 -296 1.8 | 17 595 -296 1.8 | 18 59.5 -296 1.8 | 19 594 -295 18| 20 59.4 -295 19|21 594 -296 19|22 59.4 -296 19 88
89 15 299 -299 09 16 29.9 -299 09 [ 17 299 -299 09| 18 299 -299 09|19 299 -299 09|20 299 -299 0.9 |21 29.8 -298 0.9 |22 29.8 -298 0.9 89
90 15 00.0 -301 0.0 | 16 00.0 -301 0.0 | 17 00.0 -301 0.0 [ 18 00.0 -30.1 0.0 | 19 00.0 -301 0.0 ( 20 00.0 -30.1 0.0 | 21 00.0 -301 0.0 | 22 00.0 -302 0.0 90
15° 16° 17° 18° 19° 20° 21° 22°
o o
60°, 300° L.H.A. LATITUDE SAME NAME AS DECLINATION
FIGURE 1
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A. DESCRIPTION OF TABLES

LATITUDE CONTRARY NAME TO DECLINATION L.H.A. 60°, 300°
15° 16° 17° 18° 19° 20° 21° 22°
Dec. Hc d Zz Hc d Zz Hc d Zz Hc d Zz Hc d Zz Hc d Z Hc d Z Hc d Zz Dec

° ° ' ' ° o ' ' o ° ' ' ° o ' ' o ° ' ' ° o ' ' o ° ' i ° ° ' ' o

28 52.7 -180 985 28 43.6 -19.1 99.0 [ 28 33.9 -202 99.6 | 28 23.6 -21.3 100.1 | 28 12.8 -22.4 100.6 | 28 01.5 -235 101.2 | 27 49.6 -24.6 101.7 | 27 37.1 -255 102.2
28 34.7 -185 99.6 [ 28 24.5 -196 100.1 | 28 13.7 -20.8 100.7 | 28 02.3 -21.8 101.2 | 27 50.4 -22.9 101.7 | 27 38.0 -24.0 102.2 | 27 25.0 -250 102.7 | 27 11.6 -26.1 103.2
28 16.2 -19.0 100.7 [ 28 04.9 -202 101.2 [ 27 52.9 -212 101.7 | 27 40.5 -223 102.2 | 27 27.5 -233 102.7 | 27 14.0 -24.4 103.2 | 27 00.0 -254 103.7 | 26 45.5 -26.4 104.2
27 57.2 -195 101.7 | 27 44.7 -206 102.3 | 27 31.7 -21.7 102.8 | 27 18.2 -22.7 103.3 | 27 04.2 -23.8 103.8 | 26 49.6 -24.8 104.3 | 26 34.6 -259 104.8 | 26 19.1 -26.9 105.2
37.7 -200 102.8 | 27 24.1 -21.1 103.3 | 27 10.0 -22.1 103.8 | 26 55.5 -23.2 104.3 | 26 40.4 -24.3 104.8 | 26 24.8 -253 105.3 | 26 08.7 -26.2 105.8 [ 25 52.2 -27.3 106.2

27 17.7 -205 103.9 | 27 03.0 -21.5 104.4 | 26 47.9 -22.6 104.9 | 26 32.3 -23.7 105.3 | 26 16.1 -24.6 105.8 | 25 59.5 -25.7 106.3 | 25 42.5 -26.7 106.8 | 25 24.9 -27.6 107.2
26 57.2 -21.0 104.9 | 26 41.5 -22.0 105.4 | 26 25.3 -23.1 105.9 | 26 08.6 —24.1 106.4 | 25 51.5 -25.1 106.8 | 25 33.8 -26.0 107.3 | 25 15.8 -27.1 107.8 | 24 57.3 -281 108.2
26 36.2 —21.4 106.0 | 26 19.5 —225 106.5 | 26 02.2 —23.4 106.9 | 25 44.5 245 107.4 | 25 26.4 —-255 107.8 | 25 07.8 -265 108.3 | 24 48.7 —275 108.7 | 24 29.2 -28.4 109.2
26 14.8 -218 107.0 | 25 57.0 -22.¢ -27.8 109.7 | 24 00.8 -28.8 110.1
25 53.0 -22.3 108.1 | 25 34.1 233 -282 110.7 | 23 32.0 -29.1 111.1

10 | 25 30.7 -228 109.1 | 25 10.8 -23.7 -285 111.7 | 23 02.9 -295 112.1 | 10
11 | 25 07.9 -231 110.1 | 24 47.1 -24: -289 112.6 | 22 33.4 -298 113.0 | 11
12 | 24 44.8 -236 1111 24 229 -24¢ -203 113.6 | 22 03.6 -30.1 113.9 | 12
13 | 24 21.2 -240 112.1 | 23 58.4 -24¢ -295 1145 | 21 335 -305 1149 | 13
14 | 23 57.2 -243 113.1 | 23 335 -252 -299 1154 | 21 03.0 -307 1158 | 14

15 23 32.9 -247 114.1 | 23 08.2 -25.7 -301 116.4 | 20 32.3 -310 116.7 | 15
16 | 23 08.2 -251 115.1 | 22 42.5 -26.C -305 117.3 | 20 01.3 -313 117.6 [ 16
17 22 431 -255 116.1 [ 22 16.5 -26.4 -307 118.2 | 19 30.0 -315 1185 17
18 | 22 17.6 -258 117.1 [ 21 50.1 -267 -310 119.1 | 18 585 -31.9 119.4 [ 18
19 21 51.8 -26.2 118.1 | 21 23.4 -27.1 -313 120.0 | 18 26.6 -320 120.3 | 19
20 21 25.6 -265 119.0 [ 20 56.3 -27.2 -315 120.9 | 17 54.6 -324 121.2 20
21 20 59.1 -26.8 120.0 [ 20 29.0 -27.7 3 | = -318 121.8 | 17 22.2 -325 1221 ( 21
22 |20 32.3 -27.1 121.0 [ 20 01.3 -28c | T 20° -320 122.7 | 16 49.7 -328 123.0 | 22
23 20 05.2 -27.4 121.9 [ 19 33.3 -28: b -322 123.6 | 16 16.9 -33.0 1239 | 23
24 | 19 37.8 -27.7 122.9 | 19 05.1 -28¢ -324 1245 | 15 43.9 -331 124.7 [ 24

25 | 19 10.1 -281 123.8 | 18 36.5 -28¢ -327 1254 | 15 10.8 -334 1256 | 25
26 [ 18 42.0 -282 124.7 | 18 07.7 -29.C -328 126.2 | 14 37.4 -336 126.4 | 26
27 | 18 13.8 -286 125.7 | 17 38.7 -294 -331 127.1 | 14 03.8 -337 127.3 | 27
28 [ 17 45.2 -288 126.6 | 17 09.3 -29:¢ -332 128.0 | 13 30.1 -34.0 128.2 28
29 (17 16.4 -291 127.5 | 16 39.8 -29:¢ -334 128.8 | 12 56.1 -34.1 129.0 [ 29
30 [ 16 47.3 -293 128.4 | 16 10.0 -30.1 -336 129.7 | 12 22.0 -342 129.8 | 30
31 [ 16 18.0 -295 129.3 | 15 39.9 -30: -337 130.5 | 11 47.8 -34.4 130.7 | 31
32 [ 15 485 -297 130.2 | 15 09.7 -30¢ ., —339131.4 |11 134 -345 1315 | 32
33 [ 15 18.8 -30.0 131.1 | 14 39.2 -307 10°  _340 1322 | 10 38.9 —347 1324 | 33
34 | 14 48.8 -302 132.0 | 14 08.5 -30¢ P, -341 133.0 | 10 04.2 348 133.2 | 34

35 14 18.6 -30.4 132.9 | 13 37.7 -31.1 3 -34.3 133.9 29.4 -349 134.0 35
36 13 48.2 -30.6 133.8 | 13 06.6 -31.2 A -34.4 1347 545 -35.0 134.8 36
37 13 17.6 -30.7 134.7 | 12 354 -314 -345 1355 19.5 -351 135.7 37
38 12 46.9 -30.9 135.6 | 12 04.0 -31.¢ -346 136.4 44.4 -352 136.5 38
39 12 16.0 -31.1 136.5 | 11 32.4 -31.7 —-34.7 137.2 09.2 -353 137.3 39
40 11 449 -31.3 137.3 | 11 00.7 -31.¢ -34.8 138.0 33.9 -353 138.1 40
41 11 13.6 -31.4 138.2 | 10 28.8 -32.C —-34.9 138.8 58.6 -35.5 138.9 41
42 10 42.2 -315 139.1 56.8 -32.1 -35.0 139.7 23.1 -355 139.7 42
43 10 10.7 -31.7 139.9 24.7 -32: -35.0 140.5 47.6 -355 140.5 43
39.0 -31.8 140.8 524 -32: -351 141.3 12.1 -356 141.3 44

07.2 -320 141.7 20.1 -32¢ -351 142.1 36.5 -35.7 142.2 45
35.2 -320 1425 47.6 -32.€ -352 1429 00.8 -35.7 143.0 46
03.2 -322 1434 15.0 -32.7 -35.2 143.7 25.1 -35.7 143.8 47
31.0 -32.2 144.2 42.3 -32.1 -353 1445 49.4 -357 144.6 48
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49 6 58.8 -324 1451 6 09.6 -32.¢ -35.3 1454 1 13.7 -358 1454 49
50 6 26.4 -324 1459 5 36.7 -32.¢ -35.3 146.2 0 379 -358 146.2 50
51 5 54.0 -325 146.8 [ 5 03.8 -33.0 146.8 | 4 13.6 -335 146.9 | 3 23.3 -33.9 1469 | 2 33.0 -343 1469 | 1 42./ -348 14/.0| 0 52.4 -353 147.0 | 0 02.1 -357 147.0 | 51
52 5 215 -326 147.6 | 4 30.8 -330 147.7 [ 3 40.1 -335 147.7 | 2 49.4 -340 147.7 | 1 58.7 -345 147.8 | 1 07.9 -349 1478 | 0 17.1 -353 147.8 | 0 33.6 +358 32.2 | 52
53 4 489 -326 1485 3 57.8 -331 1485 3 06.6 -335 1485 2 15.4 -339 148.6 1 24.2 -34.4 148.6 0 33.0 —34.8 148.6 . 1094 +357 314 53
54 4 16.3 -327 149.3 | 3 24.7 -331 149.3 [ 2 33.1 -336 149.4 | 1 415 -340 149.4 | 0 49.8 -344 1494 | 0 01.8 +349 30.6 (Contraﬁ-sslgr?mee Line) 1451 +357 306 | 54
55 3 43.6 -327 150.1 | 2 51.6 -332 150.2 | 1 59.5 -336 150.2 | 1 07.5 -34.1 150.2 | 0 15.4 —345 150.2 | 0 36.7 +349 29.8 4 2 20.8 +357 29.8| 55
56 3 109 -328 151.0 [ 2 184 -332 151.0 [ 1 25.9 -336 151.0 | 0 334 -340 151.0 | 0 19.1 +344 29.0| 1 11.6 +348 29.0| 2 04.0 +353 29.0 | 2 56.5 +357 29.0 | 56
57 2 38.1 -328 151.8 1 45.2 -332 151.8 0 52.3 -336 1519 0 00.6 +340 28.1 0 535 +344 281 1 46.4 +348 282 2 39.3 +352 28.2 3 322 +356 282 57
58 2 05.3 -328 152.7 1 12.0 -33.2 152.7 0 18.7 -33.6 152.7 0 346 +340 273 1279 +344 273 2 21.2 +348 273 3 145 +352 274 | 4 078 +356 274 58
59 1 325 -329 153.5 0 38.8 -33.3 1535 0 149 +337 265 1 08.6 +340 26.5 2 02.3 +344 265 2 56.0 +348 26.5 3 49.7 +351 26.6 4 434 +355 26.6 59
60 0 59.6 -329 154.3 0 05.5 -332 154.3 0 48.6 +336 25.7 1 426 +340 257 2 36.7 +344 257 3 30.8 +347 257 4 248 +351 257 5 189 +354 2538 60
61 0 26.7 —32.8 155.2 0 27.7 +33.3 2438 1222 +336 248 2 16.6 +340 248 3 11.1 +343 249 4 055 +347 249 4 59.9 +350 249 5 543 +354 250 61
62 0 06.1 +329 24.0 1 01.0 +332 24.0 1558 +335 24.0 2 50.6 +339 24.0 3 454 +342 240 | 4 40.2 +346 241 5 349 +350 24.1 6 29.7 +353 24.2 62
63 0 39.0 +329 232 1 342 +332 232 2 29.3 +336 232 3 245 +339 232 4 19.6 +343 232 5 148 +345 233 6 09.9 +349 233 7 05.0 +352 233 63
64 1119 +328 223 2 074 +332 223 3 029 +335 223 3 584 +338 224 4 539 +341 224 5493 +345 224 6 448 +348 225 7 40.2 +351 225 64
65 1 447 +329 215 2 40.6 +331 215 3 36.4 +334 215 4 322 +338 215 5 28.0 +341 216 6 23.8 +344 21.6 7 19.6 +347 21.7 8 15.3 +350 21.7 65
66 2 176 +328 20.6 3 13.7 +331 20.7 4 09.8 +334 20.7 5 06.0 +33.7 20.7 6 02.1 +340 20.7 6 58.2 +343 20.8 7 54.3 +346 20.8 8 50.3 +350 20.9 66
67 2 50.4 +327 19.8 3 46.8 +331 19.8 4 432 +334 19.8 5 39.7 +336 199 6 36.1 +339 19.9 7 325 +342 200 8 289 +345 20.0 9 25.3 +348 20.1 67
68 3 231 +327 19.0| 4 199 +330 19.0 5 16.6 +333 19.0 6 13.3 +336 19.0 7 10.0 +339 19.1 8 06.7 +341 19.1 9 034 +344 19.2 | 10 00.1 +346 19.2 68
69 3 55.8 +327 18.1 4 529 +329 18.1 5499 +332 182 6 46.9 +334 182 7 439 +337 183 8 40.8 +340 183 9 37.8 +343 18.3 | 10 34.7 +346 184 69
70 4 285 +326 17.3 5258 +329 17.3 6 23.1 +331 17.3 7 20.3 +334 174 8 17.6 +336 174 9 148 +339 175 | 10 121 +341 175 | 11 09.3 +344 17.6 70
71 5011 +326 164 5 58.7 +328 16.5 6 56.2 +330 16.5 7 53.7 +333 16.5 8 51.2 +336 16.6 9 48.7 +338 16.6 | 10 46.2 +340 16.7 | 11 43.7 +342 16.7 71
72 5 33.7 +324 156 6 315 +327 15.6 7 29.2 +330 15.7 8 27.0 +332 157 9 248 +334 15.7 | 10 225 +336 158 11 20.2 +339 158 12 179 +341 159 72
73 6 06.1 +324 14.8 7 042 +326 14.8 8 02.2 +328 14.8 9 00.2 +330 149 9 58.2 +332 149 | 10 56.1 +335 149 | 11 54.1 +337 150 | 12 52.0 +340 15.1 73
74 6 385 +323 13.9 7 36.8 +325 13.9 8 35.0 +327 14.0 9 332 +330 14.0( 10 314 +332 14.1 (11 29.6 +334 14.1| 12 27.8 +336 14.2 | 13 26.0 +338 14.2 74
75 7 10.8 +323 13.1 8 09.3 +324 131 9 07.7 +326 13.1 | 10 06.2 +328 13.2 | 11 04.6 +33.0 13.2 | 12 03.0 +332 13.2 | 13 01.4 +334 13.3 | 13 59.8 +336 13.4 75
76 7 431 +321 122 8 41.7 +323 122 9 40.3 +325 12.3| 10 39.0 +326 123 11 37.6 +328 124 | 12 36.2 +33.0 124 | 13 34.8 +332 124 | 14 334 +334 125 76
77 8 15.2 +320 114 9 140 +322 114 | 10 128 +324 11.4| 11 116 +325 11.5| 12 104 +327 115| 13 09.2 +329 11.5| 14 08.0 +330 11.6 | 15 06.8 +332 11.6 77
78 8 47.2 +319 105 9 46.2 +320 10.5( 10 452 +322 10.6 | 11 44.1 +324 10.6 | 12 43.1 +325 10.6 | 13 42.1 +327 10.7 | 14 41.0 +329 10.7 | 15 40.0 +330 10.8 78
79 9 19.1 +317 9.6 (10 18.2 +319 9.7 | 11 174 +320 9.7 |12 165 +322 9.7 | 13 156 +324 98| 14 148 +325 9.8 15 139 +326 99| 16 13.0 +328 9.9 79
80 9 50.8 +31.7 8.8 (10 50.1 +31.8 8.8 | 11 494 +319 88|12 487 +320 89| 13 48.0 +321 89| 14 473 +323 8.9 | 15 465 +325 9.0| 16 458 +326 9.0 80
81 10 225 +315 79|11 219 +316 79|12 21.3 +31.7 8.0 13 20.7 +319 80| 14 20.1 +320 8.0| 15 196 +320 81| 16 19.0 +322 8.1 | 17 184 +323 8.2 81

10

540 +31.3 7.1 |11 535 +315 7.1 |12 53.0 +316 7.1 |13 52.6 +31.7 7.1 | 14 521 +318 7.2 | 15 516 +319 7.2 16 51.2 +320 7.2 |17 50.7 +321 7.3 82
83 11 253 +31.2 6.2 | 12 25.0 +312 6.2 | 13 246 +314 6.2 | 14 243 +314 63| 15 239 +316 6.3 |16 235 +31.7 63| 17 23.2 +31.7 6.3 |18 228 +318 6.4 83
84 11 56.5 +31.0 53|12 56.2 +31.2 53| 13 56.0 +31.2 54| 14 557 +31.3 54 15 555 +31.3 5416 552 +314 54|17 549 +315 55| 18 54.6 +316 55 84
85 12 275 +309 4.4 |13 274 +309 45|14 27.2 +310 45|15 27.0 +311 45| 16 26.8 +311 45| 17 26.6 +31.2 45| 18 26.4 +31.3 4.6 | 19 26.2 +314 4.6 85
86 12 58.4 +307 3.6 |13 58.3 +307 3.6 14 58.2 +308 3.6 | 15 58.1 +308 3.6 16 579 +309 3.6 | 17 578 +31.0 3.6 | 18 57.7 +310 3.7 | 19 57.6 +31.0 3.7 86
87 13 29.1 +305 2.7 | 14 29.0 +306 2.7 | 15 29.0 +305 2.7 | 16 289 +306 2.7 | 17 288 +307 2.7 | 18 28.8 +306 2.7 | 19 28.7 +307 28| 20 28.6 +308 2.8 87
88 13 59.6 +303 1.8 | 14 59.6 +303 1.8 15 59.5 +304 18| 16 59.5 +304 1.8 17 59.5 +304 1.8 18 59.4 +305 1.8 | 19 59.4 +305 1.8 | 20 59.4 +304 1.9 88
89 14 299 +301 09| 15299 +301 09|16 299 +301 0917 299 +301 09|18 299 +301 09|19 299 +301 09|20 299 +301 09|21 298 +302 0.9 89

90 |15 00.0 +209 0.0 | 16 00.0 +20.9 0.0 | 17 00.0 +299 0.0 | 18 00.0 +209 0.0 | 19 00.0 +20.9 0.0 [ 20 00.0 +299 0.0 | 21 00.0 +208 0.0 | 22 00.0 +208 0.0 [ 90
15° 16° 17° 18° 19° 20° 21° 22°

Lat, { fA-greaterthan 180°...2n-1802 | ATITUDE SAME NAME AS DECLINATION L.H.A. 120°, 240°

FIGURE 2
Vil



INTRODUCTION

Figures 1 and 2 illustrate four of the eight possible celestial triangles for specific numerical values of latitude
and declination and the LHA's tabulated on the left and right-hand pages of an opening of the tables.

The diagram on the plane of the celestial meridian in figure 1 indicates that the celestial body always lies above
the celestial horizon when the observer’s latitude has the same name as the declination of the body and the values o
LHA are those tabulated on the left-hand page of an opening of the tables. The diagram in figure 2 reveals that for
the various combinations of arguments on the right-hand page, including whether the name of the observer’s
latitude is the same as or contrary to the name of the declination, the numerical value of the declination governs
whether the body is above or below the celestial horizon. For example, the following arguments are used for
entering the tables:

LHA 60°
Latitude 18N (Contrary Name to Declination)
Declination 5S

The respondents are:

Tabular altitude, ht (Tab. Hc) an.T
Altitude difference, d -)20.5
Azimuth angle, Z 108

As can be verified by an inspection of figures 2 and 4a, the altitude respondent is for a Ba@dy2above the
celestial horizon. Further inspection of these figures reveals that with the LHA and latitude (Contrary Name)
remaining constant, the altitude of the body decreases as the declination increases. Between values of declinatior
61° and 62 the body crosses the celestial horizon. When the declination reacheh&@ltitude is 4285 below
the celestial horizon; the tabular azimuth angle is the supplement of the actual azimuth angi&.of 162

As an additional example, the following arguments are used for entering the tables:

LHA 240 (t 120°E)
Latitude 1%S (Same Name as Declination)
Declination 5S

The respondents are:

Tabular altitude, ht (Tab. Hc) aAn.T
Altitude difference, d +20.5
Azimuth angle, V4 109°

However, inspection of the diagram on the plane of the celestial meridian in figures 2 and 4b reveals that the
altitude is 2717.7' belowthe celestial horizon; the tabular azimuth angle istbpplemenbf the actual azimuth
angle of 761°. Further inspection of these figures reveals that with the LHA and latitude (Same Name) remaining
constant, the altitude of the body increases as the declination increases. Between values of declinatiandf 61
62° the body crosses the celestial horizon. When the declination reacheghéQaltitude is 4285 above the
celestial horizon; the tabular azimuth angle is the actual azimuth anglgaf 17

Inspection of figures 1, 2, and 3 reveals that if the left-hand page of an opening of the tables is entered with
latitude of contrary name and one of the LHA'’s tabulated at the bottom of the facing page, the tabular altitudes are
negative; the tabular azimuth angles are the supplements of the actual azimuth angles.

VI



A. DESCRIPTION OF TABLES

Z(y), zenith of observer at latitude °LBI.
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Z(s), zenith of observer at latitude 5.
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B. INTERPOLATION

1. Requirements.In the normal use of the tables with the Marcqg Saint Hilaire method, it is only necessary to
interpolate the tabular altitude and azimuth angle for the excess of the actual declination of the celestial body over
the integral declination argument. When the tabular altitude is less tifarth@Orequired interpolation can always
be effected through the use of the tabulated altitude differences. When the tabular altitude is in excessrobg0
be necessary to include the effects of second differences. When the tabular altitude difference is printed in italic
type followed by a small dot, the effects of the second differences should be included in the interpolation. Although
the effects of second differences may not be required, these effects can always be included in the interpolation
whenever it is desired to obtain greater accuracy.

If the sight reduction is from a position such that interpolation for latitude and local hour angle increments is
necessary, the required additional interpolation of the altitude can be effected by graphical means.

2. First and Second DifferencesThe data in the column for latitude 1%3Same Name as Declination) as
contained in figure 1 is rearranged in Table I to illustrate the first and second differences.

TABLE |
LHA 60°, Lat. 15 (Same Name as Declination)

Dec. ht (Tah Hc) First Difference Second Diference
4° 29°59.4'
+15.2
5° 30°14.6' -0.5'
+147
6° 30°29.3 -0.6'
+141
7° 30°434'

Table I illustrates that the first differences are the differences between successive altitudes in a latitude column;
the second differences are the differences between successive first differences.

3. Linear Interpolation. The usual case is that the change of altitude withii€ease in declination is nearly
linear as illustrated in figure 5. In this case, the required interpolation can be effected by multiplying the altitude
difference (a first difference) by the excess of the actual declination over the integral declination argument divided
by 60. This excess of declination in minutes and tenths of minutes of arc is referred to as the declination increment
and is abbreviated Dec. Inc.

Using the data of Table I, the computed altitude when the LHA fs & latitude (Same Name) is L&and the
declination is 845.5' is determined as follows:

Dec. Inc._ 455

Correction= Altitude difference 50 - (+)14.7 x 50 - 11.2
30407 Hc=ht+correction=3014.6 + 11.2= 30°25.8
Q
-
=
=i - 30258 ——— == —— LHA 60°
- . ] Lat. 15°
30°209 * (Same Name)
7
i
]
30°00~ T by
4D 50 60 70
Declination

FIGURE 5



B. INTERPOLATION

4. The Interpolation Table.
(a) Design.The main part of the four-page Interpolation Table is basically a multiplication table providing
tabulations of:

Declination Increment

Alti Difference x
titude Difference 50

The design of the Interpolation Table is such that the desired product must be derived from component parts of
the altitude difference. The first part is a multiple of 100, 20, 30, 40, or 50) of the altitude difference; the
second part is the remainder in the rang& t 9.9'. For example, the component parts of altitude differenceé 14
are 10and 47'.

In the use of the first part of the altitude difference, the Interpolation Table arguments are Dec. Inc. and the
integral multiple of 10in the altitude difference, d. The respondent is:

Tens x D%dmc'(See figure 6)

In the use of the second part of the altitude difference, the Interpolation Table arguments are the nearest Dec.
Inc. ending in &' and Units and Decimals. The respondent is:

Dec. Inc.

nits and Decimal
Units and Decimals< 50

INTERPOLATION TABLE

Altitude Difference (d) Double
Second

Diff.
and
100 200 30 40 50 g o0 1 2 3 4 5 6 7 8§ 9| Com

Dec. v

Inc. Tens Decimals Q Units

. . . . 0.8

45.0 Dec. | 0 Units & Decimals x Degolync 181 g9

1 TeexSge ) 2 i

: : 41

453 3 45.5 245

45.4 4 47 x 5= 36 267 12

60 g 13

»[455 152 228 30.3 37.9|| 5 309 T4

45.6 455 , 8 33.1 -

45.7 10 x557=76 7 |05 13 20 2.8[3.6]43 5.1 5.8 6.6 7.4[352 16
458 8
45.9 9

FIGURE 6

In computing the table, the values in the Tens part of the multiplication table were modified by small quantities
varying from-0.042 to +0.033 before rounding to the tabular precision to compensate for any difference between
the actual Dec. Inc. and the nearest Dec. Inc. ending'izv@ien using the Units and Decimals part of the table.

(b) Instructions for use of the Interpolation Table.

() Turn to the Interpolation Table on the inside front cover and facing page if the Dec. Inc. is in the
range Q0" to 319" or on the inside back cover and facing page if the Dec. Inc. is in the ran@e 28
to 599'.

(i) Enter the Interpolation Table with Dec. Inc. as the vertical argument.

(i) On the same horizontal line as the Dec. Inc., extract the altitude correction for the first part of the
altitude difference from the appropriate Tens column.

(iv) From the Units and Decimals subtable immediately to the right, extract the altitude
correction for the second part of the altitude difference.

(v) Add the two parts to form the correction to the tabular altitude for declination increment. The sign
of the correction is in accordance with the sign of the altitude difference, d.

(vi) When the altitude difference, d, is printed in italic type followed by a small dot, enter that
compartment of the DSD table opposite the block in which the Dec. Inc. is found with the DSD as
the argument to obtain the DSD correction to the altitude. The DSD correction is always plus. (See
section B.5)

Xl



INTRODUCTION

(c) Example of the Use of Interpolation TableAs an example of the use of the Interpolation Table, the
computed altitude and true azimuth are determined for L&N,1IBHA 60°, and Dec. 345.5' N. Data are exhibited
in figure 7.

The respondents for the entering arguments (L&tSatne Name as Declination, LHA6@nd Dec. % are:

tabular altitude, ht 304.6'
altitude difference, d (+)14
tabular azimuth angle, z o3

Note that Dec. Inc. 45’ is the vertical argument for entering the Interpolation Table to extract the correction
for tens of minutes of altitude difference, d, and that it also indicates the subtable where the correction for minutes
and tenths of minutes (Units and Decimals) of altitude difference, d, is found. Entering the Interpolation Table with
Dec. Inc. 455’ as the vertical argument, the correction for #0the altitude difference is.@'; the correction for
4.7 of the altitude difference is.8. Adding the two parts, the correction is (+)271 the sign of the correction
being in accordance with the sign of the altitude difference, d.

No special table is provided for interpolation of the azimuth angle, and the differences are not tabulated. With
latitude and local hour angle constant, the successive azimuth angle differences correspondiimgreae in
declination are less than 10 for altitudes less than 84 and can easily be found by inspection. If formal
interpolation of azimuth angle is desired, the degrees and tenths of degrees of azimuth angle difference are treatec
as minutes and tenths of minutes in obtaining the required correction from the Units and Decimals subtable to the
right of the declination increment. But for most practical applications, interpolation by inspection usually suffices.
In this example of formal interpolation, using an azimuth angle differenceld@ and a Dec. Inc. of 45', the
correction as extracted from the Units and Decimals subtable to the right of the Dec. HiQ°isTherefore, the
azimuth angle as interpolated for declination increment.i®* $23.0° —0.9°). In summary,

tabular altitude ht 30° 14.6' tabular azimuth angle z 93.0°
correction for 100f alt. diff. (+) 7.6 correction for Dec. Inc. 45.5 (50.9°
correction for 4.70of alt. diff. (+) 36
computed altitude Hc 30° 25.8' interpolated azimuth angle Zz N92.1°W
(See figures 5 and true azimuth Zn  2679°
60°, 300° L.H.A. INTERPOLATION TABLE
v LAT'TUDE SAME NAME Altitude Difference (d) Double
15° 16° 17° e
Dec. ) . Diff.
Dec. o T — o — Inc. v Tens Decimals o Units and
it S I A I . 10 20 30 40 50 O o 11 2 3 4 5 & 7 8 9| Com
0 | 28527 +175 985 | 28 43.6 +186 99.0 | 28 33.9 +197 99.6 - — e e e e e e e = e = = = == — —_— -
1 29 10.2 +169 97.4 | 29 02.2 +181 98.0 | 28 53.6 +19.2 98.5
2 |59 2it riea 9031 29 203 1 oS00 | og 3B risT o4 450( 75 150 225 300 375|| 0 0.0 08 1.5 2.3 3.0 38 45 53 6.1 6.818.1 oo
2 | 29 594 +155 941 | 2 5478 +164 947 | 29 498 +176 952 451|75 150 225 300 37.6/| .1 |01 0.8 1.6 2.4 3.1 3.9 4.6 54 6.1 6.9[203 ;"
’ - : ' ' ‘ A 452| 75 150 226 301 37.6|| .2 [0.2 0.9 1.7 24 32 39 47 55 62 7.0[224 |
b 5 30146 7125 9307 30 11.2 +159 935 | 30 07.2 +170 9441 453( 75 151 226 302 37.7|| .3 0.2 1.0 1.7 25 3.3 4.0 4.8 55 6.3 7.1[245 |,
6 30293 7141 OI8] 30 27.1 +153 924 | 30 242 +165 93.0 45476 151 227 30.3 37.8/| 4 |03 1.1 1.8 2.6 3.3 4.1 49 56 6.4 7.1[26.7 ;'3
7 | 30 43.4 +136 90.7 | 30 42.4 +147 91.3| 30 40.7 +159 91.9 28.8 1y
8 |30 570 r120 896 | 30 571 s141 90.2| 30 56.6 +153 90.8 » 455 152 228 30.3 37.9|| 5 (04 11 1.9 2.7 34 42 49 57 64 7.21309 ;'3
9 31 099 +123 88.4 | 31 11.2 +135 89.0| 31 11.9 +147 89.7 456 7.6 152 22.8 30.4 38.0/] 6 |05 1.2 20 2.7 3.5 4.2 5.0 5.8 6.5 7.3(33.1 1.6
45.7| 7.6 153 229 305 38.1(.7 (0.5 1.3 2.0 2.8[3.6]4.3 5.1 5.8 6.6 7.4[352 =
Data from Page 122 458 7.7 153 22.9 30.6 38.2|| .8 |0.6 1.4 2.1 2.9 36 44 52 59 6.7 7.4
459 7.7 153 23.0 30.6 38.3|| .9 |07 1.4 2.2 3.0 3.7 45 5.2 6.0 6.7 7.5

Data from Interpolation Table

FIGURE 7
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B. INTERPOLATION

5. Interpolation when Second Differences are RequiredThe accuracy of linear interpolation usually
decreases as the altitude increases. At altitudes abdvé @fay be necessary to include the effect of second
differences in the interpolation. When the altitude difference, d, is printed in italic type followed by a small dot, the

second-difference correction may excee2B0 and should normally be applied. The need for a second-difference
correction is illustrated by the graph of Table Il data in figure 8.

TABLE Il
LHA 28°, Lat. 15 (Same Name as Declination)

Dec. ht (Tah Hc) First Difference Second Diference
15 62°58.4'
+2.8'0
16° 63°01.2' 2.0
+0.8'0
1r 63°02.0 -2.1
-1.30
18 63°00.7'

A

LHA 28°
Lat. 15°
(Same Name) |

Altitude
2

|

|

|

|

|

1

|

|

2

59'1 =
g
a
|

[

15° 16t 7 18°
Declination
FIGURE 8

Other than graphically, the required correction for the effects of second differences is obtained from the
appropriate subtable of the Interpolation Table. However, before the Interpolation Table can be used for this
purpose, what is known as the double-second difference (DSD) must be formed.

(a) Forming the Double-Second Difference (DSD)

The double-second difference is the sum of two successive second differences. Although second
differences are not tabulated, the DSD can be formed readily by subtracting, algebraically, the tabular
altitude difference immediately above the respondent altitude difference from the tabular altitude

difference immediately below. The result will always be a negative value.

(b) The Double-Second Difference Correction

As shown in figure 9, that compartment of the DSD table opposite the block in which the Dec. Inc. is
found is entered with the DSD to obtain the DSD correction to the altitude. The correction is always plus.
Therefore, the sign of the DSD need not be recorded. When the DSD entry corresponds to an exact tabular
value, always use the upper of the two possible corrections.
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(c) Example of the Use of the Double-Second Difference.
As an example of the use of the double-second difference (DSD) the computed altitude and true azimuth
are determined for Lat. 1N, LHA 28°, and Dec. 180.0'N. Data are exhibited in figure 9.

The respondents for the entering arguments (L&tSaBne Name as Declination, LHA2&nd Dec. 19 are:

tabular altitude, ht 6912
altitude difference, d (980
azimuth angle, Z 8w

The linear interpolation correction to the tabular altitude for Dec. In@. 30(+)04'.
Hc = ht + linear correction = 881.2' + 0.4' = 63016’

However, by inspection of figure 8, illustrating this solution graphically, the computed altitude should be
63°01.9'. The actual change in altitude with an increase in declination is nonlinear. The altitude value lies on the
curve between the points for declinatiorf &8d declination 17instead of the straight line connecting these points.

The DSD is formed by subtracting, algebraically, the tabular altitude difference immediately above the
respondent altitude difference from the tabular altitude difference immediately below. Thus, the DSD is formed by
algebraically subtracting (+)2 from (-)1.3’; the result is<{)4.1'.

As shown in figure 9, that compartment of the DSD table opposite the block in which the Dec. 1) (80
found is entered with the DSD (#) to obtain the DSD correction to the altitude. The correction.&. Orhe
correction is always plus.

Hc = ht + linear correction + DSD correction
Hc =63012 + 04 + 0.3 = 63019

28°,332° LHA.

INTERPOLATION TABLE

A LATITUDE SAME NAME . ‘
S S S Altitude Difference (d) Double
Dec. 15 16 17 Second
Diff.
OHC, d OZ ch’ dv Z OHC, d, ZO Ilj:; Tens Decimals g Units arlm

10 20 30 40 50 U o 1 2 3 4 5 & 7 8 9| Cor
9 | 61593 +147 99.1| 61 48.8 +16.8 101.0 | 61 36.4 +18.9 102.8 ' N
10 62 14.0 +128 97.1| 62 05.6 +150 989 | 61 55.3 +17.1 100.8 S — o =
11 | 62 26.8 +109 95.0 | 62 20.6 +131 96.9 | 62 12.4 +153 98.8
12 | 62 37.7 +89+ 928| 62 337 +111 948 | 62 27.7 +134 96.7
13 | 62 46.6 +69+ 90.7| 62 44.8 +92 926 | 62 41.1 +11.4 94.6 +]300] 5.0 100 150 20.0 25.0
14 | 62 53.5 +4.9+ 885 62 54.0 +72+ 90.5| 62 525 +95+ 92.4 gg-% 2-8 ig-g ig‘i gg-‘i ggi
15 | 62 58.4 [+257186.3| 63 012 +51+ 88.3 | 63 02.0 +7.4+ 90.2 303| 20 101 151 202 252
16 [63 012 708  841] 63 06.3 +31+ 86.1| 63 09.4 +54+ 88.0 = o 2De oo

0.0 05 1.0 1.5 2.0 25 3.0 3.6 4.1 46|08
0.1 06 11162126 31 36 4.1 46(24

0.2
0106 1.1 1.6 21 26 3.2 3.7 42 47|40
0207 12 1.7 2.2 2.7 32 3.7 42 47 "

rwihko

17 |63 070 L7910 63 094 10+ 83.9| 63 148 -3+ 5.8 30.4|51 101 152 20.3 25.3 02 07 12 1.7 22 2.7 3.3 38 4.3 48 72 P
1 | 3B 07 “asn 9| o3 104 CL0-BLO) o318 ris- B30 305| 5.1 10.2 153 20.3 25.4 03 0.8 1.3 1.8 2.3 2.8 3.3 3.8 4.3 4.8|y5, °F
4 -ode 7. 4 31t 79, 4 _-09° 81 30.6| 5.1 10.2 153 20.4 255 0.3 0.8 1.3 1.8 2.3 2.8 3.4 3.9 4.4 49/, 07

30.7| 5.1 10.3 154 20.5 25.6
Data from Page 58 30852 103 154 20.6 25.79

30.9| 5.2 103 155 20.6 25.8

04 09 1.4 1.9 2.4 2.9 34 3.9 4.4 49|75 08
[0:4]0.9 1.4 1.9 2.4 2.9 35 4.0 45 5.0
05 1.0 1.5 2.0 25 30 3.5 4.0 45 50[;25 10

©oNO W

Data from Interpolation Table

FIGURE 9
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1. Adjustment of Straight Line of Position. The Table of Offsets gives the corrections to the straight line of
position (LOP) as drawn on a chart or plotting sheet to provide a closer approximation to the arc of the circle of
equal altitude, a small circle of radius equal to the zenith distance. As shown in figure 10, the corrections are offsets
of points on the LOP and are drawn at right angles to the LOP in the direction of the observed body. The offset
points are joined to obtain the arc of the small circle. Usually the desired approximation to the arc of the small
circle can be obtained by drawing a straight line through two offset points. The magnitudes of the offsets are

C. SPECIAL TECHNIQUES

dependent upon altitude and the distance of the offset point from the intercept.

16°N—

p Offset for Alt. 70° and

= 45 miles from intercept

] (08)

= Offset for Alt. 70° and

7] 40 miles from intercept

1 (0:6)

_: Closer approximation to

] arc of circle of

305 equal altitude (70°)
= a,
] o
n -7
Z =
3 o
] )
—] &
3] AP
150N | ] | T vnlrv‘ T | T”w*l'
31°W 30’ 30°W
FIGURE 10
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TABLE OF OFFSETS

DISTANCE ALONG LINE OF POSITION FROM INTERCEPT

(0]0) 05 10 15 20 25 30 35 40 45
ALT. OFFSETS ALT.
(04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (04
30 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 30
40 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.3 40
50 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3 0.3 50
55 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.3 0.4 55
60 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3 0.4 0.5 60
62 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3 0.4 0.5 62
64 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 64
66 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 66
68 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.6 0.7 68
70 0.0 0.0 0.0 0.1 0.2 0.2 0.4 0.5 0.6 0.8 70
71 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.7 0.9 71
72 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.7 0.9 72
73 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.6 0.8 1.0 73
74 0.0 0.0 0.1 0.1 0.2 0.3 0.5 0.6 0.8 1.0 74
75 0.0 0.0 0.1 0.1 0.2 0.3 0.5 0.7 0.9 11 75
76 0.0 0.0 0.1 0.1 0.2 0.4 0.5 0.7 0.9 1.2 76
77 0.0 0.0 0.1 0.1 0.3 0.4 0.6 0.8 1.0 13 77
78 0.0 0.0 0.1 0.2 0.3 0.4 0.6 0.8 11 1.4 78
79 0.0 0.0 0.1 0.2 0.3 0.5 0.7 0.9 1.2 15 79
80.0 0.0 0.0 0.1 0.2 0.3 0.5 0.7 1.0 13 1.7 80.0
80.5 0.0 0.0 0.1 0.2 0.3 0.5 0.8 11 1.4 1.8 80.5
81.0 0.0 0.0 0.1 0.2 0.4 0.6 0.8 11 15 1.9 81.0
81.5 0.0 0.0 0.1 0.2 0.4 0.6 0.9 1.2 1.6 2.0 81.5
82.0 0.0 0.0 0.1 0.2 0.4 0.6 0.9 13 1.7 2.1 82.0
82.5 0.0 0.0 0.1 0.2 0.4 0.7 1.0 1.4 18 2.2 82.5
83.0 0.0 0.0 0.1 0.3 0.5 0.7 11 15 1.9 2.4 83.0
83.5 0.0 0.0 0.1 0.3 0.5 0.8 1.2 1.6 2.0 2.6 83.5
84.0 0.0 0.0 0.1 0.3 0.5 0.9 1.2 1.7 2.2 2.8 84.0
84.5 0.0 0.0 0.2 0.3 0.6 1.0 14 1.9 2.4 3.1 84.5
85.0 0.0 0.0 0.2 0.4 0.7 1.0 15 2.1 2.7 3.4 85.0
85.5 0.0 0.0 0.2 0.4 0.7 1.2 1.7 2.3 3.0 3.8 85.5
86.0 0.0 0.1 0.2 0.5 0.8 13 1.9 2.6 3.4 4.3 86.0
86.5 0.0 0.1 0.2 0.5 1.0 15 2.2 29 3.8 4.9 86.5
87.0 0.0 0.1 0.3 0.6 11 1.7 2.5 3.4 4.5 5.7 87.0
87.5 0.0 0.1 0.3 0.8 13 2.1 3.0 4.1 54 6.9 87.5
88.0 0.0 0.1 0.4 0.9 1.7 2.7 3.8 52 6.9 8.8 88.0
88.5 0.0 0.2 0.6 13 2.3 3.5 51 7.1 9.4 121 88.5
89.0 0.0 0.3 0.8 1.9 3.4 55 8.0 11.3 15.3 20.3 89.0

In adjusting the straight LOP to obtain a closer approximation to the arc of the circle of equal altitude, points on the LOP are offset at
right angles to the LOP in the direction of the celestial body. The arguments for entering the table are the distance from the intercept to the
point on the LOP to be offset and the altitude of the body.

In the use of the table with the graphical method for interpolating altitude for latitude and LHA increments, the offset of the foot of
the perpendicular is along the azimuth line in a direction away from the body. The arguments for entering the table are the distance from
the DR to the foot of the perpendicular and the altitude of the body.
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C. SPECIAL TECHNIQUES

2. Interpolation for Latitude and Local Hour Angle. The following graphical method can be used to
interpolate the altitude for latitude and local hour angle incremérite. basic method should have most frequent
application in great-circle solutions.

In principle the method is the measurement of the difference of the radii of two circles of equal altitude
corresponding to the altitudes of a celestial body from two positions at the same instant. One circle passes through
the assumed position (AP), and the second circle passes through the dead reckoning position (DR) or other position
from which the computed altitude is required.

The measurement, which is the difference in zenith distances as measured from the zenith of the assumed
position and the zenith of some nearby position, is effected as follows:

(1) Draw the azimuth line from the assumed position (AP) as shown in figure 11 (the azimuth angle is
interpolated for declination increment before conversion to true azimuth).

(2) From the position (DR) for which the computed altitude is required, draw a line perpendicular to the
azimuth line or its extension. This line approximates the arc of the circle of equal altitude passing
through the DR.

(3) Measure the distance from the foot of the perpendicular to the DR in nautical miles.

(4) Entering the Table of Offsets with the distance of the DR from the foot of the perpendicular and the
altitude of the body as interpolated for declination increment, extract the offset.

(5) From the foot of the perpendicular and in a direction away from the celestial body, lay off the offset on
the azimuth line or its extension.

(6) Asshown in figure 11, a closer approximation to the arc of the circle of equal altitude through the DR is
made by drawing a straight line from the offset point to the DR.

(7) The required correction, in units of minutes of latitude, for the latitude and LHA increments is the length
along the azimuth line between the AP and the arc of the circle of equal altitude through the DR.

If the arc of the circle of equal altitude through the DR crosses the azimuth line between the AP and the body,
the correction is to be added to the altitude interpolated for declination increment; otherwise the correction is to be
subtracted. The method will give highly satisfactory results except when plotting on a Mercator chart in high
latitudes.

Example:
. Computed altitude from AP Hc 70°05.0
4 Asimuth line extended Observed altitude Ho 70°00.0
1 Intercept a 5.0 A
16°N— , -

3 Straight line )

3 « Tepresentation of Computed altitude from AP Hc 70°05.0
= arc of circle of . .. 20.4
] equal altitude Difference of the radii =
E %“E“‘&ﬁﬁ‘i‘:&’;‘““ Computed altitude from DR Hc 69°44.6
= interpolated for

= declination, latituile, .

: wad LEA iseromanis) Computed altitude from DR Hc  69°44.6
= Observed altitude Ho 7000.0
E Intercept a 154 T

30@
_: Circle of equal altitude
= passing through AD
(Altitude interpolated f
1 tlor'lilnl:ll.ii:r:ni::t!cfmno;l o:I:'J FIGURE 11
LB E IR BB ORI R A LR N IR |"T"[I|r|[|||I||-.'||r-||

31°wW 30 30°w

3. Interpolation near the Horizon. This discussion is restricted to the interpolation of altitude for dec-
lination within the T interval containing the horizon, indicated by the horizontal segments of the C-S Line.
Interpolation of altitude in the interval under consideration is accomplished by using the last tabular altitude and
altitude difference appearing above the C-S Line. Since the last tabular altitude above the C-S Line indicates the
body’s altitude above the horizon for LHA at top of page, for the pertinent latitude, and for the last integral
declination above the horizontal segment of the C-S Line pertaining to that particular latitude, interpolation
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resulting in positive altitudes may be carried out for increments of declination of contrary name so long as the
interpolated altitude correction does not exceed the last tabular altitude above the C-S Line; for the LHA at bottom
of page, positive altitudes will result when interpolating altitude for increments of declination of same name so long
as the interpolated altitude correction exceeds the last tabular value above the C-S Line. Interpolation for
declinations and increments of declination in excess of the above limits results in negative altitudes.

The tabular azimuth angle pertinent to this one-degree interval of declination is that immediately above or that
immediately below the C-S Line, according as the entering arguments are contrary or same name, respectively. The
difference in azimuth angle for the interval is determined by taking the value of tabular azimuth angle, on the same
side of the C-S Line as the LHA argument, from the supplement of that on the opposite side of the line.

4. Negative Altitudes.This paragraph is restricted to tabular and interpolated altitudes for declinations other
than one-degree intervals of declination containing the C-S Line. For all local hour angles at the top of the right-
hand page, all tabular or interpolated altitudes on that page for declinations below the C-S Line are negative; also
for any local hour angle at the bottom of the right-hand page, all tabular or interpolated altitudes for declinations
above the C-S Line are negative; additionally, for these same local hour angles and latitudes changed to Contrary
Name, the tabular or interpolated altitudes on the left-hand page are negative. Interpolation of altitudes for
declination increments within these areas of negative altitude should, however, be accomplished as if the altitudes
were positive, adhering strictly to the sign given to d. Then, after interpolation, regard the results as negative. In all
instances involving negative altitudes, except the one-degree interval of declination which includes the C-S Line,
the supplement of the pertinent tabular azimuth angle is that to be converted to true azimuth by the rules to be found
on each opening of the basic tables.

5. Interpolation near the Zenith. In the region within 4 of the zenith where normal interpolation methods are
inadequate, the following method can usually be used to interpolate both altitude and azimuth angle. The
Interpolation Table is employed in carrying out the desired interpolation, but the values of altitude and azimuth
angle extracted from the basic tables constitute data which require independent differencing; the tabular altitude
difference, d, is not used.

To carry out the altitude interpolation, the basic tables are entered with the pertinent LHA and Dec., and with
the integral degree of Lat. so chosen that, when increased by the declination increment, it is Withith@&nown
or DR latitude; this practice will prevent long intercepts. For these entering arguments and for a latitude and
declination one degree more than the above referenced latitude and declination, respectively, extract the tabular
altitudes and azimuth angles. The altitudes and azimuth angles are then differenced and with these differences
interpolation of altitude and azimuth angle for the desired declination is made, utilizing the Interpolation Table. The
computed altitude is then compared with that observed to determine the intercept, which together with the
interpolated azimuth angle converted to true azimuth makes possible the construction of a line of position, which is
plotted from the assumed longitude, and from the latitude of the entering argument, augmented by the declination
increment.

Example LHA Lat. Dec. Ho
[ 3°18 24°12S 21°33.3S 8558.2
i 356°52 28°14'S 30°19.7S 86'33.4
Example i Example ii
Lat. Dec. Tab. Hc diff. Tab. Z diff. Lat. Dec. Tab.Hc diff. Tab. Z diff
24 21° 85°55.0 136.7 28 30 86°42.1 52.C0
(+)o0.8 (H)0.2 (H)1.2 (-)0.3
25 27 85°55.8 136.9 2° 3r° 86°43.3 51.7
Interpolate to Dec.=2B3.3 Interpolate to Dec.=329.7
Dec. Inc.=33.3 diff.=(+)0.8, Z diff.=(+)0.2 Dec. Inc.=19.7 diff.=(+)1.2, Z diff.=(-)0.3
Tab. Hc 8355.0 Tab. Z 136.7 Tab. Hc 8642.1 Tab. Z 52.0
Correction (+) 0.4 (0.1 Correction (+) 0.4 (-)0.1
Hc 85°55.4 z 136.8 Hc 86°42.5 z 51.9
Ho 85°58.2 Ho 86°33.4
Intercept 28 T Zn 31678 Intercept 9.1 A Zn 12871

Plot from Lat. 2433.3 S Plot from Lat. 2819.7 S
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D. OTHER APPLICATIONS

1. Star Identification. Although no formal star identification tables are included in these volumes, a simple
approach to star identification is to scan the pages of the appropriate latitudes and observe the combination of
arguments which give the altitude and azimuth angle of the observation. Thus the declination ahd drelA
determined directly. The star's SHA is found from, SHA= LHAO-LHAY. From these quantities the star can be
identified fromThe Nautical Almanac.

Another solution is available through an interchange of arguments using the nearest integral values. The
procedure consists of entering the tables with the observer's latitude (Same Name as Declination), with the
observed azimuth angle (converted from observed true azimuth as required) as LHA and the observed altitude as
declination, and extracting from the tables the altitude and azimuth angle respondents. The extracted altitude
becomes the body’s declination; the extracted azimuth angle (or its supplement) is the meridian angle of the body.
Note that the tables are always entered with latitude of same name as declination. In north latitudes the tables can
be entered with true azimuth as LHA.

If the respondents are extracted from above the C-S Line on a right-hand page, the name of the latitude is
actually contrary to that of the declination. Otherwise, the declination of the body has the same name as the latitude.
If the azimuth angle respondent is extracted from above the C-S Line, the supplement of the tabular value is the

meridian angle, t, of the body. If the body is east of the observer’'s meridian, LHA =-360f the body is west of
the meridian, LHA=t.

EXAMPLES FOR STAR IDENTIFICATION (Selection for illustration only)

Ex. Lat. Long. Obs. Alt. Obs. Zn LHX*

1 17 15 N 33 55 W 54° 36 20° 189

2 15 06 N 143 40 W 40 00 96 64

3 15 54 N 168 10 E 19 22 131 288

4 20 38 N 27 27 W 56 56 260 185

5 16 22 N 66 42 E 50 17 235 110

6 18 43 N 165 19 W 47 25 317 351

7 20 55 S 77 33 E 39 32 87 149

8 15 28 S 60 14 E 43 46 22 97

9 19 12 S 34 02 W 45 22 156 274

10 27 43 S 49 17 E 19 35 220 190

11 23 04 S 24 22 W 60 57 276 214

12 15 24 S 127 14 E 31 08 337 305

*LHA Y from The Nautical Almanaéor date and GMT of observation.

SOLUTIONS
Entering Argument Star Coordinates and ldentity

Ex. Lat LHA Dec. Page Dec. t LHA  SHAO Name
1 1r 20° 55° Left 49°N 17° E 343 15#° Alkaid
2 15 96 40 Right, below C-S Line 5N 50 E 310 246  Procyon
3 16 131 19 Right, above C-S Line 30S 56 E 304 16 Fomalhaut
4 21 260 57 Right, below C-S Line 12N 33 W 33 208 Regulus
5 16 235 50 Right, above C-S Line 8S 32 W 32 282 Rigel
6 19 317 47 Left 45N 41 W 41 50 Deneb
7 21 180-87=93 40 Right, below C-S Line 11s 51 E 309 160 Spica
8 15 180-22=158 44 Right, above C-S Line 28 N 18 E 342 245 Pollux
9 19 180-156=24 45 Left 57S 32 E 328 54  Peacock
10 28 220-180=40 20 Left 53 S 93 W 93 263 Canopus
11 23 276-180=96 61 Right, below C-S Line 17S 30 W 30 176 Gienah
12 15 337-180=157 31 Right, above C-S Line 39N 25 W 25 80 Vega

SHAO = LHAO-LHAY
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2. Great-Circle Sailing. The great-circle distance between any two points on the assumed spherical surface of
the Earth and the initial great-circle course angle may be found by relating the problems to the solution of the
celestial triangle. For by entering the tables with latitude of departure as latitude, latitude of destination as
declination, and difference of longitude as LHA, the tabular altitude and azimuth angle may be extracted and
converted to distance and course.

The tabular azimuth angle (or its supplement) becomes the initial great-circle course angle, prefixed N or S for
the latitude of departure, and suffixed E or W depending upon the destination being east or west of point of
departure.

If all entering arguments are integral degrees, the altitude and azimuth angle are obtained directly from the
tables without interpolation. If the latitude of destination is nonintegral, interpolation for the additional minutes of
latitude is done as in correcting altitude for any declination increment; if either the latitude of departure or
difference of longitude, or both, are nonintegral, the additional interpolation is done graphically.

Since the latitude of destination becomes the declination entry, and all declinations appear on every page, the
great-circle solution can always be extracted from the volume which covers the latitude of departure.

Great-circle solutions belong in one of the four following cases:

Case [ Latitudes of departure and destination of same name and initial great-circle distance less than 90

Enter the tables with latitude of departure as latitude argument (Same Name), latitude of destination as
declination argument, and difference of longitude as local hour angle argument. If the respondents as found on a
right-hand page do not lie below the C-S Line, Case lll is applicable.

Extract the tabular altitude which subtracted front 80the desired great-circle distance. The tabular azimuth
angle is the initial great-circle course angle.

Case II] Latitudes of departure and destination of contrary name and great-circle distance less than 90

Enter the tables with latitude of departure as latitude argument (Contrary Name) and latitude of destination as
declination argument, and with the difference of longitude as local hour angle argument. If the respondents do not
lie above the C-S Line on the right-hand page, Case IV is applicable.

Extract the tabular altitude which subtracted front 80the desired great-circle distance. The tabular azimuth
angle is the initial great-circle course angle.

Case IlIJ Latitudes of departure and destination of same name and great-circle distance greatér than 90

Enter the tables with latitude of departure as latitude argument (Same Name), latitude of destination as
declination argument, and difference of longitude as local hour angle argument. If the respondents as found on a
right-hand page do not lie above the C-S Line, Case | is applicable.

Extract the tabular altitude which added to°3fives the desired great-circle distance. The initial great-circle
course angle is 180ninus the tabular azimuth angle.

Case IV Latitudes of departure and destination of contrary name and great-circle distance greatér than 90

Enter the tables with latitude of departure as latitude argument (Contrary Name), latitude of destination as
declination argument and difference of longitude as local hour angle argument. If the respondents as found on a
right-hand page do not lie below the C-S Line, Case Il is applicable. If the DLo is in exces$, #h80espondents
are found on the facing left-hand page (See section C.4.).

Extract the tabular altitude which added to°3fives the desired great-circle distance. The initial great-circle
course angle is 180@ninus the tabular azimuth angle.
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D. OTHER APPLICATIONS

The following two great-circle distance and course solutions illustrate Cases | and IV.
Case |

Required] Distance and initial great-circle course from San JuatR@8, 66°07W) to Milford Haven
(51°43N, 5°02W).

Solutionld () Case | is assumed to be applicable. Since the latitude of the point of departure, the latitude of the
destination, and the difference of longitude (DL0) between the point of departure and destination are not integral
degrees, the solution is effected from an adjusted point of departure or assumed position of departure chosen as
follows: the latitude of the assumed position (AP) is the integral degrees of latitude nearest to the point of
departure; the longitude of the AP is chosen to provide integral degrees of DLo. This AP, which should be within
30 of the longitude of the point of departure, is at latituddN1&ngitude 6802W. The DLo is 61.

(2) Enter the tables with E&s the latitude argument (Same NameY, &4 the LHA argument, and %As the
declination argument.

(3) From page 124 extract the tabular altitude, altitude difference, and azimuth angle; interpolate altitude and
azimuth angle for declination increment. The Dec. Inc. is the minutes that the latitude of the destination is in excess
of the integral degrees used as the declination argument.

ht (Tab. Hc) d Z
LHA 61°, Lat. 18 (Same), Dec.5T 32 016 (-)11.9 40.5
Dec. Inc. 43 d(-)11.9 Tens - 71
Units -) 14
Interpolated for Dec. Inc. 31° 531 C N39.6E
Initial great-circle course from AP Cn 039.6
Great-circle distance from AP (981°53.1") 3486.9 n.mi.

(4) Using the graphical method for interpolating altitude for latitude and LHA increments, the course line is
drawn from the AP in the direction of the initial great-circle course from the AP.@3%As shown in figure 12, a
line is drawn from the point of departure perpendicular to the initial great-circle course line or its extension.

(5) The required correction, in units of minutes of latitude, for the latitude and DLo increments is the length
along the course line between the foot of the perpendicular and the AP. The correction as applied to the distance
from the AP is-18.4'; the great-circle distance is 3468 nautical miles.

(6) The azimuth angle interpolated for declination, LHA, and latitude increments.&; 3Be initial great-
circle course from the point of departure is 039.8

Point of Departure 30’
r

o
<

Ihllllllllllllll|||Illlllll.llllll..ll

18°N 0 R O )Gl L 0 Y Iilllllllll{: el i IBON
30 66°W 30"
FIGURE 12
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Case IV

Required] Distance and initial great-circle course from Cape Moretorf25, 15328 E) to Cape Flattery
(48°24'N, 12£844'W).

Solution] (1) Case IV is assumed to be applicable. Since the latitude of the point of departure, the latitude of
the destination, and the difference of longitude (DLo) between the point of departure and destination are not
integral degrees, the solution is effected from an adjusted point of departure or assumed position of departure
chosen as follows: the latitude of the assumed position (AP) is the integral degrees of latitude nearest to the point of
departure; the longitude of the AP is chosen to provide integral degrees of DLo. This AP, which should be within
30 of the longitude of the point of departure, is at latitudiS2¥ongitude 153L6 E. The DLo is 82

(2) Enter the tables with 27as the latitude argument (Contrary Name); 828 the LHA argument, and 4&s
the declination argument.

(3) From page 349 extract the tabular altitude, altitude difference, and azimuth angle; interpolate altitude for
Dec. Inc. as if the altitude were positive, adhering strictly to the sign given d. After interpolation regard the results
as negative. Subtract tabular azimuth angle front;literpolate for Dec. Inc.

ht (Tab. Hc) d z
LHA 82°, Lat. 27 (Contrary),Dec.48  14°443 (+)24.5 43.7
Dec. Inc. 24 d(+)245 Tens (+) 8.0 180°- 7=136.8
Units (+) 1.8
Interpolated for Dec. Inc. (-) 14°54.1 C S137.2E
Initial great-circle course from AP Cn 042.8
Great-circle distance from AP (9614°54.1) 6294.1 n.mi.

(4) Using the graphical method for interpolating altitude for latitude and LHA increments, the course line is
drawn from the AP in the direction of the initial great-circle course from the AP.@%2As shown in figure 13 a
line is drawn from the point of departure perpendicular to the course line or its extension.

(5) The required additional correction, in units of minutes of latitude, for the latitude and DLo increments is the
length along the course line between the foot of the perpendicular and the AP. The correction as applied to the
distance from the AP is-{ 5.8; the great-circle distance is 6288 nautical miles.

(6) The azimuth angle interpolated for declination, LHA, and latitude increments i2°13fe initial great-
circle course from the point of departure is @42

30/
40’ |

50’ f

27°S
153°E 154°E

Point of Departure

FIGURE 13
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D. OTHER APPLICATIONS

3. Points along Great Circle If the latitude of the point of departure and the initial great-circle course angle
are integral degrees, points along the great circle are found by entering the tables with the latitude of departure as
the latitude argument (Same Name), the initial great-circle course angle as the LHA argument; anih 80
distance to a point on the great circle as the declination argument. The latitude of the point on the great circle and
the difference of longitude between that point and the point of departure are the tabular altitude and azimuth angle
respondents, respectively.

Requiredd A number of points at 300-mile intervals along the great circle from latitud&l 1®ngitude 68W
when the initial great-circle course angle is N EO

Entering the tables with latitude 1§Same Name), LHA 4Q and with successive declinations of°880°,

75°, . . . thelatitudes and differences in longitude, from°8%, are found as tabular altitudes and azimuth angles,
respectively.

Distance n. mi, (arc) 300{p 600(10) 900(15) 1200(20)

Latitude 218°N 25.5°N 29.1°N 326°N

DLo 35° 7.1° 11.0° 15.1°

Longitude 625°W 58.9°W 55.0°W 50.9°W

Notell If the respondents are abstracted from across the C-S line, the DLo is the supplement of the tabular azimuth angle; the tabular
altitudes correspond to latitudes on the side of the equator opposite from the latitude of departure.

4. General Spherical Triangle Solutions.Of the six parts of the spherical astronomical triangle, these tables
utilize three as entering arguments and tabulate two as respondents. The only remaining part of the triangle is the
parallactic (or position) angle, which is the angle between a body’s hour circle and its vertical circle. Values of the
parallactic angle, not essential for navigation, have not been included in order to keep the tabulations to a minimum.
However, the parallactic angle can be found through the simple interchange of arguments, thus effecting a complete
solution. The applicable instructions are as follows:

(a) When latitude and declination are of same naemer the tables with the appropriate local hour angle, with
the declination as latitude argument of the same name and the latitude as declination argument, and extract the
tabular azimuth angle as the parallactic angle.

(b) When latitude and declination are of contrary nareeter the tables with the appropriate local hour angle
and with the declination as latitude argument of contrary name and the latitude as declination argument; the tabular
azimuth angle is then the supplement of the parallactic angle (i.e., parallactic angle eqdatsril@)the azimuth
angle). This method generally requires the availability of all volumes of the series.

An approximate value of the parallactic angle, X, accurate enough for most navigational requirements, can be
calculated directly from the formula, cos X=d/6@here d is the difference between successive tabular altitudes for
the desired latitude, local hour angle and declination.

Within the limitations of the tabular precision and interval, the tabular data of these tables include the solution
of any spherical triangle, given two sides and the included angle. When using the tables for the general solution of
the spherical triangle, the use of latitude, declination, and altitude in the tables instead of their corresponding parts
of the astronomical triangle must be kept in mind.

In general if any three parts of a spherical triangle are given, these tables can be used to find the remaining
parts; this will sometimes mean searching through the volumes to find, for example, a particular altitude in a
particular latitude and a given LHA in order to find the corresponding azimuth angle and declination.
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5. Compass Error. One of the more frequent applications of sight reduction tables is their use in computing
the azimuth of a celestial body for comparison with an observed azimuth in order to determine the error of the
compass. In computing the azimuth of a celestial body, for the time and place of observation, it is normally
necessary to interpolate the tabular azimuth angle as extracted from the tables for the differences between the table
arguments and the actual values of declination, latitude, and local hour angle. The required triple interpolation of
the azimuth angle is effected as follows:

(1)
(@)

3)

(4)

(5)

The main tables are entered with the nearest integral values of declination, latitude, and local hour angle;
for these arguments, a base azimuth angle is extracted.

The tables are reentered with the same latitude and LHA arguments but with the declination
argument 1 greater or less than the base declination argument depending upon whether the actual
declination is greater or less than the base argument. The difference between the respondent azimuth
angle and the base azimuth angle establishes the azimuth angle difference (Z Diff.) for the increment of
declination.

The tables are reentered with the base declination and LHA arguments but with the latitude argument 1
greater or less than the base latitude argument depending upon whether the actual (usually DR) latitude
is greater or less than the base argument to find the Z Diff. for the increment of latitude.

The tables are reentered with the base declination and latitude arguments but with the LHA
argument 1 greater or less than the base LHA argument depending upon whether the actual LHA is
greater or less than the base argument to find the Z Diff. for the increment of LHA.

The correction to the base azimuth angle for each increm&riDi. x E—g

Exampleld In DR Lat. 2324.0N, the azimuth of the Sun is observed as 872gc. At the time of the
observation, the declination of the Sun i288'N; the local hour angle of the Sun is Z4d.2'. The error of the
gyrocompass is found as follows:

XXIV

Base Base Tab* Correction

Actual Arguments 4 4 Z Diff. Increments (Z Diff xInc.+60)
Dec. 2013.8N 20° 73.9 72.9 -1.00 13.8 -0.2
DR Lat. 2324.0N 23° (Same) 739 74.1° +0.2 24.0 +0.1°
LHA 276°41.2 277 73.9 73.5 -0.4° 18.8 -0.1°
Base Z 73.9 Total Corr. -0.2
Corr. () 0.2
z N 73.7E *Respondent for two base arguments aridchange from
Zn 073.7 third base argument, in vertical order of Dec., DR Lat., and
Zn pgc 072.8 LHA.
Gyro Error 1.2E




E. BACKGROUND

1. Accuracy of Tables.The tabular values as given in these tables have maximum and probable (50%) errors
of £0.05 and+0.025 in altitude and:0.05° and+0.025 in azimuth angle.

The maximum error arising from the use of the Interpolation Table for the first-difference correctiori s
with a probable error af0.03, when used for the interpolation of altitude for declination.

The maximum error arising from the use of the correction for second differences obtained from the
Interpolation Table i20.12 with a probable error af 0.03.

When second differences are completely negligible, the maximum error of an interpolated alti#t@i&9is
with a probable error c£0.04'; when the second differences are not negligible and the second-difference correction
is included in the interpolation, the maximum error of the calculated altitude witldi&l' with a probable error of
+0.05.

The largest value of the double-second difference when the value of d is not printed in italgs a8 if the
correction for this value is neglected, an error of up-@24' may be introduced into the computed altitude. But
such an error is only possible when the altitude is greater thamue® when the value of Dec. Inc. is close td.30
The neglect of the second-difference correction when d is not printed in italics will rarely introduce an error as large
as—-0.2.

For altitudes less than 8gi.e., for zenith distances greater thah #hterpolation of the tabular altitude for
declination, utilizing both first and second differences and the Interpolation Table, may be made to within about
0.2; linear interpolation for azimuth angle can be made to aba2ft. @loser to the zenith, not only do second
differences exceed the limits of the tables but higher differences are also significant.

When the body is in the zenith, its azimuth is indeterminate, that is when LHA &0 when latitude and
declination are equal and have the Same Name. In these cases Z is tabulatedaa90ne-half the preceding
value. There are 91 of these cases.

When latitude is 90and declination is 9 the altitude is 90for all hour angles. Here the value of Z tabulated
is one-half the preceding value. There are 182 of these cases, two of which are included in the previous set. In the
above cases the tabulated azimuth angles are the mathematical limits of the azimuth angle when the limit is
approached in a specified direction.

In the special cases when the latitude i§,9@., at the poles, all directions from the North Pole are south and
from the South Pole are north; the criterion adopted in these cases has been to tabulate the azimuth as etjual to 18C
minus LHA, i.e., the directions are tabulated as the angular directions from the lower branch of the Greenwich
Meridian. There are 98 180 of these cases not included in the previous sets.

2. Computation formulas. For latitude (L), declination (d) and local hour angle (LHA), the altitude (Hc) and
the azimuth angle (Z) were calculated from the following formulas:

sin Hc =sin L sind + cos L cos d cos LHA

tan 7 = cos d sin LHA
cos L sind - sin L cos d cos LHA

All values of altitude within $30 of the zenith were recalculated using a more appropriate formula because
determination of these high altitudes from their sines with only nine figures could introduce errors of the order of
0.0008, which would sometimes affect the rounding off of the altitudelfo Dhe formula used is equivalent to:

sin? ¥, z = cog ¥, LHA sin? Y, (L-d) + sir? Y, LHA cos’ ¥/, (L+d), where z is the zenith distance.
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F. GLOSSARY

Altitude 0 the arc of a vertical circle between the horizon and a point or body on the celestial sphere. Altitude as
measured by a sextant is called sextant altitdt®. (Sextant altitude corrected only for inaccuracies in the
reading (instrument, index, and personal errors, as applicable) and inaccuracies in the reference level
(principally dip) is called apparent altitudbd). After all corrections are applied, it is called corrected sextant
altitude or observed altitudeHp). An altitude taken directly from a table is called a tabular or tabulated
altitude ft). Tabular altitude as interpolated for declination, latitude, and LHA increments as required is called
computed altitudeHc).

Altitude Difference (d)C the first difference between successive tabulations of altitude in a latitude column of
these tables.

Argument[] one of the values used for entering a table or diagram.

Assumed (or Chosen) Latitude (aL), Assumed (or Chosen) Longitude }a] geographical coordinates assumed
to facilitate sight reduction.

Assumed Position (AR a point at which an observer is assumed to be located.

Azimuth (Zn) O the horizontal direction of a celestial body or point from a terrestrial point; the arc of the horizon,
or the angle at the zenith, between the north part of the celestial meridian or principal vertical circle and a
vertical circle through the body or point, measured from°080the north part of the principal vertical circle
clockwise through 360

Azimuth Angle (Z) O the arc of the horizon, or the angle at the zenith, between the north part or south part of the
celestial meridian, according to the elevated pole, and a vertical circle through the body or point, measured
from 0° at the north or south reference eastward or westward througha®@rding to whether the body is
east or west of the local meridian. It is prefixed N or S to agree with the latitude and suffixed E or W to agree
with the meridian angle.

Celestial Equatorl] the primary great circle of the celestial sphere, everywhefeff@dn the celestial poles; the
intersection of the extended plane of the equator and the celestial sphere. AlseqaNedTIAL.

Celestial Horizon that circle of the celestial sphere formed by the intersection of the celestial sphere and a plane
through the center of the Earth and perpendicular to zenith-nadir line.

Celestial Meridiand on the celestial sphere, a great circle through the celestial poles and the zenith. The
expression usually refers to the upper branch, that half from pole to pole which passes through the zenith.

Course Angle] course measured fronf @t the reference direction clockwise or counterclockwise through. 180
is labeled with the reference direction as a prefix and the direction of measurement from the reference direction
as a suffix. Thus, course angle SR21s 2T east of south, or true course 159

Course Linell the graphic representation of a ship’s course.

Declination (Dec.)1 angular distance north or south of the celestial equator; the arc of an hour circle between the
celestial equator and a point on the celestial sphere, measured northward or southward from the celestial
equator through 90 and labeled N or S (+ @) to indicate the direction of measurement.

Declination Increment (Dec. Inc.)] in sight reduction, the excess of the actual declination of a celestial body over
the integral declination argument.

Double-Second Difference (DSD) the sum of successive second differences. Because second differences are not
tabulated in these tables, the DSD can be formed most readily by subtracting, algebraically, the first difference
immediately above the tabular altitude difference (d) corresponding to the entering arguments from the first
difference immediately below. The result will always be a negative value.

Eclipticd the apparent annual path of the Sun among the stars; the intersection of the plane of the Earth’s orbit with
the celestial sphere. This is a great circle of the celestial sphere inclined at an angle of g2gut®the
celestial equator.

Elevated Pole (Pn or Pd)l the celestial pole above the observer’s horizon, agreeing in name with the observer’s
latitude.
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F. GLOSSARY

First Differencel] the difference between successive tabulations of a quantity.

First Point of Aries (Y)U that point of intersection of the ecliptic and the celestial equator occupied by the Sun as
it changes from south to north declination on or about March 21. Also valkedhL EQUINOX.

Geographical Position (GP) the point where a line drawn from a celestial body to the Earth’s center passes
through the Earth’s surface.

Great Circle the intersection of a sphere and a plane through its center.

Great-Circle Coursell the direction of the great circle through the point of departure and the destination,
expressed as angular distance from a reference direction, usually north, to the direction of the great circle. The
angle varies from point to point along the great circle. At the point of departure it is aalledL GREAT-

CIRCLE COURSE

Greenwich Hour Angle (GHA)O angular distance west of the Greenwich celestial meridian; the arc of the
celestial equator, or the angle at the celestial pole, between the upper branch of the Greenwich celestial
meridian and the hour circle of a point on the celestial sphere, measured westward from the Greenwich
celestial meridian through 360

Hour Circle O on the celestial sphere, a great circle through the celestial poles and a celestial body or the vernal
equinox. Hour circles are perpendicular to the celestial equator.

Intercept (a)d the difference in minutes of arc between the computed and observed altitudes (corrected sextant
altitudes). It is labeled T (toward) or A (away) as the observed altitude is greater or smaller than the computed
altitude; Hc greater than Ho, intercept is away (A); Ho greater than Hc, intercept is toward (T).

Line of Position (LOP)O a line indicating a series of possible positions of a craft, determined by observation or
measurement.

Local Hour Angle (LHA ) angular distance west of the local celestial meridian; the arc of the celestial equator, or
the angle at the celestial pole, between the upper branch of the local celestial meridian and the hour circle of a
celestial body or point on the celestial sphere, measured westward from the local celestial meridian through
360°.

Meridian Angle (t)0 angular distance east or west of the local celestial meridian; the arc of the celestial equator, or
the angle at the celestial pole, between the upper branch of the local celestial meridian and the hour circle of a
celestial body, measured eastward or westward from the local celestial meridian throdgantBlabeled E or
W to indicate the direction of measurement.

Nadir (Na)[J that point on the celestial sphere 1&@m the observer’s zenith.

Namell the labels N and S which are attached to latitude and declination are said to be of the same name when they
are both N or S and contrary name when one is N and the other is S.

Navigational Triangle[J the spherical triangle solved in computing altitude and azimuth and great-circle sailing
problems. The celestial triangle is formed on the celestial sphere by the great circles connecting the elevated
pole, zenith of the assumed position of the observer, and a celestial body. The terrestrial triangle is formed on
the Earth by the great circles connecting the pole and two places on the Earth: the assumed position of the
observer and geographical position of the body for celestial observations, and the point of departure and
destination for great-circle sailing problems. The term astronomical triangle applies to either the celestial or
terrestrial triangle used for solving celestial observations.

Polar Distance (p)] angular distance from a celestial pole; the arc of an hour circle between a celestial pole,
usually the elevated pole, and a point on the celestial sphere, measured from the celestial pole tlirough 180

Prime Meridian O the meridian of longitude°Qused as the origin for measurement of longitude.

Prime Vertical (] the vertical circle through the east and west points of the horizon.

Principal Vertical Circle O the vertical circle through the north and south points of the horizon, coinciding with
the celestial meridian.

Respondent] the value in a table or diagram corresponding to the entering arguments.

Second Differencé] the difference between successive first differences.
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Sidereal Hour Angle (SHA) angular distance west of the vernal equinox; the arc of the celestial equator, or the
angle at the celestial pole, between the hour circle of the vernal equinox and the hour circle of a point on the
celestial sphere, measured westward from the hour circle of the vernal equinox thrdugh 360

Sight Reduction] the process of deriving from a sight (observation of the altitude, and sometimes also the
azimuth, of a celestial body) the information needed for establishing a line of position.

Small Circleld the intersection of a sphere and a plane which does not pass through its center.

Vertical Circle[J on the celestial sphere, a great circle through the zenith and nadir. Vertical circles are
perpendicular to the horizon.

Zenith (Z) O that point on the celestial sphere vertically overhead.

Zenith Distance (z)J angular distance from the zenith; the arc of a vertical circle between the zenith and a point on
the celestial sphere.

XXVIHI



G. EXAMPLE SIGHT REDUCTIONS

Examplel] On September 9, 1974, the 1932 dead reckoning position of a ship is14& N} long. 3000 W.
The ship is on course 225speed 20 knots. Observations are made from a height of eye of 31 feet using a sextant

having an index error of (+)@ as indicated below. Determine the 1932 fix.

Body Zone Time Sextant Altitude SHA Declination

Arcturus 1920M03° 28°29.5 146°22.4 19°18.9 N

Antares 1525M58° 37°57.4 11302.0 26°22.7 S

Rasalhague 182m018 72°38.2 96°34.0 12°34.9 N

ARCTURUS ANTARES RASALHAGUE
GMT (Sept. 9) === = -mmmmmmmmemamos BA0M03" 21M25M58s 21"32M0 18
GHA Y for 21" GMT-- - === - oo oo 3031.5 303°31.5 303°31.5
Increments----------------o--- P03° 5°01.8 25M58° 630.6 32"o1s 801.6
SHA- - - - 14824 11302.0 96°34.0
GHAL - - - e e e e e e e 955.53 63°04.1 48°07.1
R T 295.5W 30°04.1W 30°07.1W
LHALD - - - - - e e oo - 650.0 33°00.0 18°00.0
DeC. ----- - 118.9N 26°22.7S 1234.9N
Dec.InC. - ------------------------- 18.9 22.7 34.9
I e 260.0N 15°00.0N 15°00.0N
ht (Tab.Hc)------------------------ 283.0 37°55.6 72°14.9
d and correction - - - ------------- +H73 (23 (-)44.9 (0 17.0 (+) 10.8 (+) 6.6
[ (o e 2685.3 37°38.6 72°21.5
HO - - - - e m e 281.3 37°49.8 72°31.5
R e 16.0T 11.27 10.0T
ZandZn------------------- N759/ 284.2 N141.9W 218.r N95.7W 264.3
31°W 30°W
N o
F AP
15°N ﬁ 15°N
;__r 1920
(4 1932
, F
; L B [ LI l LELELE L 1 o
31°W o'W

FIGURE 14

Notel[] In figure 14 the assumed position of the Arcturus line of position is advanced 4.0 miles for a 12-minute run and the assumed
position of the Antares line of position is advanced 2.0 miles for a 6-minute run, both in the direction of the codrge 2REin a fix at
the time of the Rasalhague sight. Each azimuth angle is interpolated for declination increment. The interpolation of the tabular altitude of

the Rasalhague sight includes a DSD correction of &) 0
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